Objective: To clarify the incidence and characteristics of spinal cord concussion in an urban city in Japan. Methods: The current retrospective study was conducted by reviewing the medical records of patients with spinal cord injuries admitted between January 2007 and December 2010. The subjects were divided into two groups: a spinal cord concussion group and a spinal cord injury group. Results: There were 36 patients with spinal cord injuries admitted during this period. Among them, there were 8 patients with spinal cord concussions. No significant differences were apparent between the two groups with regard to sex, mechanism of injury, Glasgow Coma Scale, incidence of shock, inhospital Frankel classification, level of spinal cord injury, frequency of vertebral dislocation/fracture, surgery and the survival rate. However, the mean age in the spinal cord concussion group was lower than that in the spinal cord injury group. The systolic blood pressure, the heart rate and the diameter of minimum spinal canal in the concussion group were all higher than those in the spinal cord injury group. Half of the subjects in the spinal cord concussion group demonstrated immediate neurological improvement between prehospital and inhospital findings, however none of the subjects in the spinal cord injury group demonstrated such improvement. This difference was statistically significant. Conclusion: Spinal cord concussion is not rare in urban Japan. Checking neurological findings at the scene leads to the revelation of the true high incidence of spinal cord concussion among spinal cord injuries.
INTRODUCTION
A spinal cord concussion is an injury that causes transient paralysis and/or sensory disturbance, subsiding within 2 or 3 days. 1,2 Del Bigio et al. 1 reported that spinal cord concussion represented 6% of all spinal cord injuries. Because of its rare incidence, there have been few reports concerning spinal cord concussion in English literatures and no reports in Japanese. [1] [2] [3] [4] [5] [6] Previous reports of spinal cord concussion conclude that sports and falls were the leading cause of the injury, and that the most common site affected was the cervical or thoracolumbar junction among young subjects. There was controversy whether pre-existing abnormalities of the spine, such as spinal canal stenosis, can be a risk factor for the occurrence of spinal cord concussion. [2] [3] [4] [5] [6] [7] [8] We therefore investigated the incidence and characteristics of spinal cord concussion at our institute in an urban setting in Japan.
PATIENTS AND METHODS
This retrospective study protocol was approved by our institutional review board, and examinations were conducted according to the standards of good clinical practice and the Helsinki Declaration. The current study was conducted by reviewing the medical records of patients with spinal cord injuries admitted to our institution between January 2007 and December 2010 at the National Defense Medical College, located in the suburban area of Tokyo, with a neighboring population of approximately 800 000 people. The definition of spinal cord concussion was 'transient paralysis and/or sensory disturbance, subsiding within 72 h' .
The subjects were divided into two groups: a spinal cord concussion group and a spinal cord injury group. The following variables were analyzed between groups: age, sex; mechanism of injury (fall, traffic accident or violence), Glasgow Coma Scale on arrival, systolic blood pressure, heart rate, respiratory rate, incidence of shock, Frankel classification at prehospital and inhospital examination, the level of spinal cord injury, diameter of the spinal canal, existence of spinal canal stenosis, vertebral dislocation/fracture, traumatic lesion at spinal cord detected by magnetic resonance imaging, steroid use, surgical treatment and the survival rate.
Statistical analysis was performed using Student's unpaired t-test and the contingency table analyses. Differences with values of Po0.05 were considered statistically significant.
RESULTS
During the investigation period, a total of 746 blunt traumatized patients were admitted to our institution. There were 36 patients with a spinal cord injury. Among these, there were 8 patients with spinal cord concussions.
The results of the comparisons between the groups are shown in Table 1 , and details of the spinal cord concussion patients appear in Table 2 . No significant differences were apparent between the two groups with regard to sex, mechanism of injury, Glasgow Coma Scale, incidence of shock, Frankel classification, level of spinal cord injury, frequency of vertebral dislocation/fracture, surgical treatment and the survival rate. However, the age and frequency of steroid use in the spinal cord concussion group were lower than those in the spinal cord injury group. The systolic blood pressure, the heart rate and the minimum diameter of the spinal canal were higher than those in the spinal cord injury group. Half of the subjects in the spinal cord concussion group demonstrated immediate neurological improvement between prehospital and inhospital findings, however none of subjects in the spinal cord injury group demonstrated such improvement. None of the subjects in the spinal cord concussion group (n¼5), who underwent the magnetic resonance imaging study, had traumatic lesions in the spinal cord, however, 22 of the 25 (88%) subjects in the spinal cord injury group showed spinal cord lesions that were detected by magnetic resonance imaging. These differences were statistically significant.
In the spinal cord concussion group, there were two cases of primary spinal canal stenosis, one cervical disc herniation and one thoraco-lumbar fracture. The cases with disc herniation and burst fracture did not acquire secondary spinal canal stenosis. Four subjects in the spinal cord concussion group had normal radiological findings.
DISCUSSION
This study demonstrated that spinal cord concussion is not that rare in urban Japan. In addition, patients with spinal cord concussion tended to demonstrate immediate neurological improvement without their vital signs being affected by the vagus nerve.
The incidence of spinal cord concussion among patients with a spinal cord injury in the present study (22%) was higher than Del Bigio's report (6%). 1 One of the reasons for these differences may have been differences in prehospital management. For example, some cases with spinal cord concussion were not transferred to a specialized unit. In Japan, there is a JPTEC (Japan prehospital trauma evaluation and care) course that has been centralized under the Japanese Association for Acute Medicine, and the JPTEC council popularized the standard trauma care programs for emergency medical technicians (EMTs) in 2003. 9 The JPTEC educates EMTs to check patients for paralysis and sensory disturbance, and if the patient was suspected of suffering from a spinal cord injury, then the EMTs were to transport the patients to a level-1 trauma center. Based on the education of the Japanese EMTs, there may have been an increase in the number of spinal cord concussions admitted among the other spinal cord injuries, whereas such patients might have spontaneously resolved when they were admitted to other centers prior to receiving a formal diagnosis of spinal cord concussion. We have treated approximately 9000 patients with clinical emergencies, including trauma, since 1980. However, we did not diagnose any patients with a spinal cord concussion before 2003. This fact supports our hypothesis. The neurological changes caused by trauma during the acute phase can vary, and are difficult to assess precisely, especially with regard to sensory disturbance, which cannot be evaluated objectively. In addition, most of the patients with spinal cord concussion in this study demonstrated motor weakness, so that recovery of the extremity was simple to evaluate by manual muscle tests, which is in contrast to assessment of sensory disturbance. Scher et al. 7 reported a study of rugby players with spinal cord Abbreviations: CC, cerebral concussion; CT, computed tomography; F, female; fx, fracture; GCS, Glasgow coma scale; HR, heart rate; M, male; RR, respiratory rate; SAH, subarachnoid hemorrhage; sBP, systolic blood pressure; SCI, spinal cord injury. Level of injury: Simple C means the level is cervical spinal cord due to transient quadriparesis but not determined precisely.
concussion. Their study also indicated a higher frequency of spinal cord concussion among spinal cord injuries (22%), similar to the present study. In addition, Del Bigio et al. 1 reported that they experienced four cases with immediate complete recovery of paralysis within 10 min, which usually disappeared in the prehospital setting. Accordingly, checking neurological findings at the scene leads to the revelation of the true high incidence of spinal cord concussion among spinal cord injuries. As some patients with spinal cord concussion can experience a subsidence of symptoms within a few minutes, even EMTs may not see evidence of the neurological abnormality. Thus, the reports provided by those providing first aid or ordinary witnesses may be helpful for evaluating a case with rapid improvement of paralysis due to spinal cord concussion. However, we could not find any official documents describing such patients.
In the present study, there were no patients who demonstrated neurogenic shock in the spinal cord concussion group. In patients with cervical cord injury, bradycardia and hypotension may occur due to suppression of the sympathetic tone following predominance of the vagus. 10, 11 The autonomic nervous system regulates many different target tissues in the somatic and visceral domains of the body in a differentiated manner, indicating that there apparently exist separate sympathetic pathways that are functionally defined by their target cells. 12 Most of the actions of the autonomic nervous system are involuntary, whereas some activities, such as breathing, can also be controlled by conscious patients. 13 However, bradycardia or hypotension tended to be reproducible reactions to vagus stimulation, even in patients with spinal cord injury. 14, 15 Neurogenic shock tended to occur more frequently in patients with complete cervical cord injury in comparison with those with incomplete or spinal cord injury without a cervical lesion. 11 The spinal cord concussion is different from complete spinal cord injury, so patients with a spinal cord concussion do not generally demonstrate neurogenic shock. However, animal studies have shown that severe concussion can cause death via profound autonomic dysfunction, without leaving anatomical evidence of injury, and there was a rare clinical case who may have died due to a vasovagal stimulus after blunt trauma. 16, 17 In patients with a cerebral concussion, electrical, chemical, or ultrastructural changes that likely occur in neurons have yet to be identified. 1, 17 Parkinson speculated that interruption of neural function at the synaptic level may be a feature of concussion. 18 Comparatively little is known about spinal cord concussion due to the lack of a suitable experimental model. 2 There were some hypotheses about the mechanism of spinal cord concussion. For example, transient subtle contact with ultrastructural changes between the spinal cord and spinal column may cause spinal cord concussion. Transient contact may be induced by primary or secondary spinal canal stenosis, relaxation of the ligament of the spinal column, 8 and/or hyperextensive motion that causes the posterior longitudinal ligament and the ligamentum flavum to thicken, the dural diameter to decrease in size and the diameter of the spinal cord to increase in size. 4 There was also a report suggesting that compression of the spinal cord during hyperextension by infolding of the laminar ligaments resulted in narrowing of the spinal canal. 7 Groat et al. 19 emphasized the possibility of a functional block of neural activity. In addition, as transient ischemia causes transient neurological deficits, transient hypoperfusion of the spinal artery may cause a spinal cord concussion. 20 
CONCLUSION
The frequency of spinal cord concussion was not rare in the present study. Checking neurological findings at the scene leads to the revelation of the true high incidence of spinal cord concussion among spinal cord injuries.
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